Background and Objective. Vitamin D deficiency is considered one of the most common nutritional deficiencies associated with weakened immune system and increased likelihood of sepsis. The current study was conducted to investigate the association between serum vitamin D level and the severity and prognosis of ventilator associated pneumonia (VAP) in inpatients in intensive care unit (ICU).
INTRODUCTION
Vitamin D deficiency is considered nowadays one of the most important nutritional deficiencies, associated with several complications [1] . Vitamin D plays an important role in the immune system's and skeletal system's health as well as in regulating the intrinsic and acquired immune system [2] , such that its deficiency leads to autoimmune diseases and weakened immune system [3] . Vitamin D plays a part in local immune responses to pathogens and the inflammatory pathways of systemic infections, and its deficiency is associated with acquisition of sepsis and other clinical infections; however, the causal relationship and its clinical effect have not yet been clearly explained, and the mechanism of mortality from vitamin D deficiency should be further studied [4, 5] .
As underlying factors, seasonal variations [4] and length of hospitalization [6] can affect vitamin D levels in patients. In this regard, a study demonstrated that approximately 93.5% of inpatients in intensive care units (ICUs) suffered from vitamin D deficiency and insufficiency [7] .
Ventilator-associated pneumonia (VAP) is one of the causes of death among critically ill patients in clinical settings [8, 9] . VAP occurs mainly due to hospital equipment including endotracheal tube, and defects in the immune system and pulmonary cleanup function [10, 11] . The pathogenic agents of VAP are Acinetobacter, Staphylococcus aureus, Escherichia coli, Klebsiella pneumonia, Proteus species, Enterobacter species, and Serratia marcescens [12] . The presence of antibiotic-resistant pathogens in the ICUs and hospital settings has intensified this problem [11] . Besides that, due to lack of definite and standard criteria, VAP is still considered to be clinical syndrome without a specific test for diagnosis, which may challenge the diagnosis and treatment of this disease [11] .
It seems therefore necessary to seek out therapeutic and supportive approaches to address and reduce mortality due to VAP. This study was conducted to investigate association of serum vitamin D (25-hydroxyvitamin D, vitD3) level with microbial blood culture, 28-day mortality, mechanical ventilation duration, and the organ failure in sepsis in patients with VAP. 56
MATERIALS AND METHODS
The observational, prospective study was conducted in the ICU of Besat Hospital, Hamadan from June 2015 until December 2015. All consecutive patients with VAP occurring were enrolled (84 patients). The sample size was determined according to the information from a pilot study of 10 samples. An odds ratio (OR) equal to 0.70 for occurring VAP had been found. By considering this value of OR; with a proportion of occurring VAP 0.50, 95% confidence level, and power of 90%, sample size was calculated at 70 patients. Considering a dropout rate of 10%, the final sample size was determined to be 77 patients, but the useful samples were 84. The study protocol was approved by the Ethics Committee of the Hamadan University of Medical Sciences (approval code: IR.UMSHA.REC.1394.277). The inclusion criteria were being over 18 years old and under mechanical ventilation for over 48 hours and suffering from VAP according to the Clinical Pulmonary Infection Score (CPIS). The exclusion criteria were non-VAP-associated mortality and Acute Physiology and Chronic Health Evaluation (APACHE II) score over 25. APACHE II is a checklist serving as a severity-of-disease classification system in the ICU that was used control for certain confounders such as the severity of disease or to match the participants [13] . The measurement of serum vitamin D level was conducted by measuring blood 25-hydroxyvitamin D levels of patients with VAP [4] , and then, those with < 30 ng/mL serum 25-hydroxyvitamin (VitD3) level were assigned to one group and those with serum vitD3 level ≥ 30 ng/mL to another group. We draw blood for the measurement of vitamin D after diagnosis of VAP. Afterwards, the patients were examined based on serum VitD3 level and VAP severity. To diagnose VAP, the CPIS was used [14] . The CPIS integrates a combination of clinical, radiologic, physiological, and microbiological criteria into a numerical value that represents VAP if it is over 6. To determine VAP severity, different parameters such as duration of mechanical ventilation, positive culture results, 14 and 28-day sepsis-associated mortality, and the Sequential Organ Failure Assessment (SOFA) Score were assessed on days 3, 7, and 14. SOFA checklist is used to determine certain degrees of organ failure in sepsis and the failure of six organs according to objective and tangible criteria [15] . Dysfunction of each organ is classified according to a scoring system according to which score 0 represents normal function and score 4 does organ failure. Final score is determined by the sum of the scores for the organs function such as respiratory system, cardiovascular system, liver system, coagulation system, neurologic system, and renal systems. Mortality in 14 days and mortality in 28 days were measured since admission in ICU but SOFA scores were measured 3,7 and 14 days after diagnosis of VAP. Length of ICU stay was measured since admission in ICU.
Data analysis was conducted by descriptive statistics, t-test, chi-square test, and non-adjusted and adjusted ANOVA in SPSS version18.
RESULTS
A total of 84 patients were investigated in this study. The mean age of the patients was 51.91 (18.90) (range: 18-82) years, 72.6% (n: 61) of the patients were male. Fifty-four (64.3%) patients were hospitalized for trauma and the rest for non-traumatic events. Serum vitD3 level was under 30 ng/dL in 66 (78.6%) patients and over 30 ng/dL (normal serum vitD3 level) in the remaining (n: 18) patients (Table 1 ). In patients with vitD3 deficiency, eight (12.1%) patients had positive blood culture test, and none of those without vitD3 deficiency had positive blood culture test (p = 0.192). Table 2 showed that the results of comparing the basic of CPIS and the duration of mechanical ventilation in two groups low (< 30) and high (> 30) VIT D3. The independent sample t-test did not show any statistical differences (P = 0.490 and P = 0.878, respectively); moreover, the independent sample t-test did not explain statistical differences between having mortality in 14 and 28 days (P = 0.956 and P = 0.937, respectively). Blood culture from positive or negative perspective had not statistical significance (P = 0.255). Table 3 showed that the Kendall's tau correlation coefficient did not show a statistical relationship between SOFA scores with VIT D3 levels (P-value 0.381, 0.175, and 0.370, respectively); the relationship between the SOFA scores with VIT D3 was a non-significant and negative one. Table 4 showed non-adjusted and adjusted analyses of low and high VITD3 groups with SOFA scores. Non adjusted and adjusted one-way analysis of variance did not show statistical analysis between different SOFA 3 (P = 0.762 vs. P = 0.610), SOFA 7 (P = 0.676 vs. P = 0.068), and SOFA 14 (P = 0.650 vs. P = 0.147) scores in two groups high and low VITD3, respectively. It is while that adjusted comparison of SOFA score 7 between two groups had near difference to statistical significance (P = 0.068). The adjusted variables were sex, age, basic SOFA and CPIS scores (Table 4) . 
DISCUSSION
The present study was conducted to investigate association between serum vitamin D (25OH vit D) level and VAP-associated mortality in inpatients in the ICU of Besat Hospital, Hamadan. In this study, serum vitD3 level was under 30 ng/dL in 66 (78.6%) patients. Consistently, a study in Iran demonstrated that over 93.5% of the inpatients in the ICUs had vitamin D deficiency [7] .
In our study, no significant difference was noted in the blood culture results between the VAP patients with vit D3 deficiency and those with normal serum vit D3 levels. Amrein et al. who studied to investigate the association between vitamin D level and sepsis-associated mortality, reported consistent findings with the current study. They demonstrated that 25(OH) vit D level was not significantly associated with positive blood culture [16] , which is in agreement with Moraes et al. study [17] ; however, a study on association between serum 25-hydroxyvitamin D level and mortality among critically ill patients determined that vitamin D deficiency was associated with positive blood culture results in these patients [18] .
Our results demonstrated that blood culture, 14day mortality, 28day mortality, MV duration and baseline CPIS were not significantly different between two groups whose vitamin D level is under 30 ng/mL and above 30 ng/mL. According to the study of Murat Haliloglu et al., they reported that the clinical scores (SOFA, CPIS, and CEPPIS) and biomarkers (NT-proBNP, PCT) were negatively correlated with 25(OH)D levels in all study groups. Unlike our study their results declared the 28-day mortality in patients with 25(OH)D levels ≤ 10 ng/mL was significantly higher than in patients with 25(OH)D > 10ng/mL, that may be related to their cut-off point (10ng/mL) [19] . Amrein et al. demonstrated that critically ill patients with low PTH or serum calcium levels, as well as low 25(OH)D levels (cut-off 12 ng/mL) were all at significantly greater risk for all-cause mortality [20] . Weenink et al. measured that 25-hydroxyvitamin D (25-OH-D) on admission and after 48 hours in all consecutive patients admitted to 20-bed general ICU and compared observed and predicted mortality (APACHE IV) their results showed that observed mortality was significantly lower than predicted in all patients and in patients with 25-OH-D > 25 nmol/L, but not in those < 25 nmol/L [21] .
A study found that intake of lower-thannormal levels of vitamin D was associated with lower acute respiratory infections in children, and the intake of the sufficient amounts of this vitamin can contribute to decreasing this complication [22] . De Haan et al. study indicated that the low level of vitamin D was associated with acquisition of infection and sepsis [1] . Although the number of deaths on days 14 and 28 of follow-up was higher in patients with lower serum 25(OH) D level, this association was not statistically significant. In contrast a study demonstrated that 28-day mortality was higher in patients with serum 25(OH) D levels ≤ 10 than in those with normal serum vitamin D level [23] . De Haan et al. study also reported that the low vitamin D level was significantly associated with 30-day mortality [1] . A number of studies on critically ill inpatients in the ICUs have reported consistent findings including Amrein and colleagues who reported that low 25(OH) D status is significantly associated with mortality in the critically ill [24] ; Braun and colleagues reported deficiency of 25-hydroxyvitamin D at the time of critical care initiation is a significant predictor of all-cause patient mortality in a critically ill patient population [25] ; Zhao and colleagues reported concentrations of 25(OH)D were inversely associated with allcause and cardiovascular diseases mortality among adults with hypertension in the US. Enhancing vitamin D intake may contribute to a lower risk for premature death; and finally Braun and colleagues [26] reported association of low serum 25-hydroxyvitamin D levels and acute kidney injury in the critically ill patients [27] .
In the present study, no significant association was observed between length of mechanical ventilation and normal vit D3 levels in the VAP patients with vit D3 deficiency. Inconsistent with our study, a study in India reported that 25 (OH) D deficiencies led to lengthened mechanical ventilation in critically ill inpatients. In this regard, the sample size is important the current data did not show significant analysis but the Padhi and colleagues reported a significant association. In that study, from 300 admitted patients, 152 patients (50.6%) 25(OH) D levels were available and from 152 patients, 15 patients (9.8%) had 25(OH) D insufficiency (20-29.9 ng/dL), 79 (51.9%) had 25(OH) D deficiency (0-19.9 ng/dL), and the levels were normal (> 30 ng/dL) in 58 (38.2%) patients [28] .
In the current study, mean SOFA Score on day 14 was higher in the group with mean vitD3 level under 30 ng/dL than in the group with normal serum vitD3 level yet without a statistically significant difference. A study to investigate the association of baseline and synthetic vitamin D level, with mortality in critically ill inpatients in ICU, demonstrated that it was the same in patients with 25(OH) D deficiency and in those without such deficiency [17] . However, a study reported that SOFA Score on days 4 and 7 was higher in the group with serum 25(OH) D levels ≤ 10 than in another group [19] . As an index of predicting mortality of critically ill patients [26] , SOFA Score can be influenced by several environmental and physiological factors, which may confound the findings of the current study.
Our results demonstrated that a statistically insignificant correlation was found between SOFA 3, SOFA 7 and SOFA 14 with vitamin D3 levels. Leo Jeng et al. demonstrated that critically ill subjects had significantly lower plasma 25(OH)D concentrations compared to healthy controls and these subjects with sepsis exhibited higher severity of illness scores (APACHEII and SOFA) than critically ill subjects without sepsis [29] . Also Priya Nair et al.
declared that there was no relationship between admission levels of calcium, PTH or 1,25-(OH)2-D and SAPS-II or APACHE-II scores; however, there was a significant correlation between admission calcium levels and SOFA [30] . Gulbin Aygencel et al. demonstrated that risk assessment scores including APACHE II and SOFA scores in critically ill patients were higher in the vitamin D insufficient group [31] .
The inconsistency in the current results with other studies can be explained in several reasons including the current study was the first one in Iranian population, the sample size was partially lower than in other similar studies, and finally we studied the serum 25(OH) D levels on the patients with VAP diagnosis but others on the sepsis.
CONCLUSION
A large number of inpatients in the ICUs suffer from vitamin D deficiency. Although the rates of 28-day mortality and organ failure were higher in patients with vitamin D deficiency, no association was found between 25OH vit D and 28-day mortality, microbial blood culture, the length of mechanical ventilation, and organs failure in sepsis in VAP inpatients in the ICU in the current study. It is recommended to control for more confounding factors, including SOFA Score at admission, in additional studies.
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